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Abstract: As members of society, companies are exposed to social changes and pressures. Hence,
an interest to be more environmentally friendly appears and rises in their core. Therefore, the supply
chain management concept became “greener” with the development, among other practices, of re-
verse logistics programs. Both external pressures and internal factors, such as reducing costs and
increasing operational performance, are motivating companies to pay more attention to the reverse
flow. Unfortunately, there are still many boundaries that hinder the implementation of reverse
logistics. Some of these obstacles include additional costs, the desire for deep collaboration with
suppliers and customers, and the belief of some managers that are managing reverse flow that it is
not worth the trouble. On the contrary, those who have assimilated its importance and advantages
are interested in new and innovative tools that could contribute to more effective and efficient results,
including the role of RFID technology.
Keywords: sustainability; sustainable development; green supply chain; supply chain management;
reverse logistics; RFID
1. Introduction
All human behaviour experiences changes and evolves during history. Companies
go through a similar process regarding their management strategies. The basic reasons
that account for this evolution are due to changes in social mentality and the emergence
of new ideas and problems since “the corporation is, firstly, a social institution” [1] and,
as a consequence, “antecedent to the mandate given to the managers by the shareholders is the
mandate given to the entrepreneur by the society” [2] (p. 12). The new ways of seeing what is
around us consequently affect governmental policies and decisions, as well as, obviously,
companies and their practices. The concept of Supply Chain Management (SCM) has also
suffered modifications, adding a “greener” and more environmentally friendly vision [3].
This concept has started to appear in many research headlines and papers, but it has also
attracted the attention of many companies since “competition is becoming less ‘firm vs.
firm’ and more ‘supply chain vs. supply chain’” [4] (p. 1047).
This work is focused on GSCH and Reverse Logistics (RL). There are numerous reasons
that have made this issue interesting and attractive, not only for researchers, but also for
managers. There are four primary factors creating pressure on companies to implement
this kind of program: customers, suppliers, competitors, and government agencies [5,6].
Moreover, the major complexity of RL programs could be a source of difficult competitive
advantage for the firm [7,8].
Despite all the advantages that RL could create for the firm, its implementation can find
several barriers. We could mention the additional cost, the necessity of human resources [9],
more planning complexity, and uncertainty [10,11], but maybe the most dangerous barrier
is the underestimation of its importance and the idea that this is a process that “only” deals
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with the management of waste (“junk”); underestimating the important role of contribution
to the environment [9,12].
The aim of this work is to present a review of RL definitions as well as place this
concept in the supply chain (SCM) theory. The reasons to implement this kind of activity
are analysed, as well as its advantages and difficulties for being implemented. Moreover,
an analysis of the RL process is also analysed. Therefore, the contribution of the present
study is not only to review the concepts of SCM and RL, but also the conglomeration of
knowledge about the reasons to be more environmentally friendly. In addition, we deepen
the Radio Frequency Identification (RFID) technology.
This manuscript is organized in two principal parts. The first pretends to place the RL
process in the SC and to offer a review of the SCM concept, as well as related concepts.
The second intended to offer a more detailed analysis of the RL and it is structured as
follows: A review of the RL concept and its characteristics is offered. We discuss the reasons
for the change towards more environmental policies, as well as the differences and synergies
between forward and reverse flows. The RL process is examined and a brief reference to
RFID application in RL activities is provided. Hence, some disadvantages and problems
will be pointed out. Finally, we provide some conclusions and implications.
This paper reinforces the role of the supply chain in sustainability because it empha-
sizes the relevant role of RL as a tool for contributing to sustainability.
2. Methods
The objective of this work is to carry out a literature review based on two fundamental
pillars, GSCH as a general scope of context and RL as a specific field to explain the con-
tributions to GSCH during the last 30 years (based on the Web of Science and Scopus
databases). Our work uses a literature review based in both seminal works as well as
the more recent literature related to GSCM and RL. Our methodological approach is similar
to that used by Williams and Hayes (2013) to explore the recent literature based on seminal
papers. The search terms used were “supply chain management”, “green supply chain
management”, “reverse logistic” and “green reverse logistic” and we selected specifically
those journals focused on operations, environment management or sustainability and
logistics issues, and general reviews treating management.
• FIRST STEP: Analysis of Seminal Works
The analysis of seminal works, sometimes called pivotal or landmark studies, is recog-
nized in the literature review in management ([13–16]). Specifically, several related works
recognize the usefulness of these works in both supply chain management literature [17]
and reverse logistics [18]. This part of the analysis identifies the pillars of the literature
and points out the main future lines of trends that have subsequently developed over
the years [13]. This step contributes to knowledge structuring by a global vision that re-
flects the first contributions of this area of research. In order not to leave aside any relevant
or potential seminal work, we carried out this first search for the works published until
2000. With this part of the review, we were able to synthesize the main lines of research
papers that have been developed in the GSCH and RL. Some of these seminal papers
are [19–22] or [5].
• SECOND STEP: Review of recent literature.
After the first step and selecting as search criteria those initially marked (search terms
and journals), we reviewed the most recent works of the related literature in the last ten
years (2011–2020), placing special emphasis on those works that had a focus on the review
of the literature. Starting from the seminal works, we revise recent papers about GSCH
and RCL that cited seminal papers in their most relevant arguments and in their discussion
implications or conclusions. Some of these papers are [23–27], and with this step we have
been able to complement the contribution of the seminal works.
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• THIRD STEP: Reviewing the contribution of papers related
Once we revised both seminal and more recent papers, we complemented our review
with the contributions of those papers focused on GSCM and RL, especially those that are
being used as important references in recent years. This third step may be considered as a
snowball technique, which is commonly used to consider relevant works in the literature
review [28]. We focused this step on papers published from 2001–2010 and selecting those
papers more relevant according to the same search criteria as above. This step contributes
to our literature review with relevant papers that have been critical in the development of
GSHM and RL (e.g., [29,30]) and, therefore, it consolidated literature review.
3. Green Supply Chain Management
RL is a part of the SC: a wide-ranging term that includes different processes and
activities related. This term has its origins in the mid-1970s and became more relevant
from the 1980s. [23]. The traditional SC is defined as an integrated manufacturing process
wherein raw materials are manufactured into final products before delivering to customers
with intermediaries, sellers of both [31]. Subsequently, the growing importance of en-
vironmental problems provoked an environmental awareness related with concern for
waste as well as monitoring of information related. It was in 1999 when Beamon rede-
fined the traditional SC and considered an extended one that included environmental
issues. She suggested that the traditional performance measurement structure of the SC
must be extended in order to include mechanisms for product recovery. In her opinion,
the traditional SC included only activities related with manufacturing and needing to be
modified. However, a new definition and wider view were necessary “due to recent chang-
ing environmental requirements affecting manufacturing operations” and “environmental
management strategies for the SC” [31] (p. 1). She observed that “the current interest
has sought to extend the traditional SC to include “reverse logistics”, to include product
recovery for the purposes of recycling, remanufacturing, and reuse” [32] (p. 2).
Several previous works pointed out the necessity of structuring SC concept [32–37].
Certainly, SC was a complex concept since it “is not a chain of businesses with one-to-one,
business-to-business relationships, but a network of multiple businesses and relation-
ships” [38] (p. 65). In most of the definitions, it is possible to observe the importance of
terms related with the acquisition of raw material as the beginning of the process [32,39–41].
The role and implication of the information is also mentioned [36,39,40,42].
In Beamon’s opinion, “two basic, integrated processes” form the SC and “provide
the basic framework for the conversion and movement of raw materials into final products”:
“(1) the Production Planning and Inventory Control Process, and (2) the Distribution and
Logistics Process” [32].
In this line, we can observe the common mistake of thinking that logistics and SC
refer to the same concept. This error was analysed, and some works explained how
logistics is only part of SC [38]. In addition, three degrees of complexity of SC were
identified [36]: a “direct SC”, an “extended SC” and an “ultimate SC”. The first one
is constituted by company, supplier, and a customer, whereas those in the “extended”
one are added suppliers of immediate supplier and customers of immediate customer.
The more complex is the “ultimate” one since it includes “all the organizations involved in
all the upstream and downstream flows of products, services, finances and information
from the ultimate supplier to the ultimate customer”.
Around these processes, several characteristics of the process were found. On the one
hand, a vertical integration was observed in SC activities, as well as in RL, because of
the high cost [43]. It is also relevant to headline the relevance of SC members’ collaboration.
The literature has widely analysed this issue and has proposed the importance of collabo-
rative efforts between the organization, its suppliers, and customers [44–46]. In this sense,
the concept of SC Coordination is defined as “collaborative efforts of SC participants that
include supplier development, coordination with suppliers and customers” [3,44]. Coop-
eration capabilities with other members of SCM has been another trend in the literature,
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which related that emphasized the importance of “capital” or “resource” as the key aspect
for achieving “durable strategic advantage” [47]. Alliances and partnerships are two of
the top five topics identified for SCM [48].
SCM Linkages definition is defined as: “Explicit and/or implicit connections that a
firm creates with critical entities of its SC in order to manage the flow and/or quality of
inputs from suppliers into the firm and of outputs from the firm to customers” [49]. They
also pointed them out “as a resource and as a knowledge-acquisition capability that can
promise either temporary or sustainable superior operational performance for a firm”.
The concept of SCM a very important evolution in the literature (see Table 1). The term
was introduced by consultants in the early 1980s [38,50]. Nowadays, we are talking about
Green Supply Chain Management (GSCM) since “there is a growing need for integrating
environmentally sound choices into supply-chain management research and practice” [3]
(p. 53). In spite of reasons to add “green” to business, policies are further analysed, and in a
subsequent part of this study, it is convenient to comment that motives of this evolution are
basically the increasing deterioration of the environment [3,31,51] and the social and legal
pressures [23,31,44,52]. The literature also analyses stakeholders’ influence on SCM [53,54].
Furthermore, GSCM is considered as an environmental and organization innovation [55,56].
Table 1. SCM concept review.
[Reference] Year Author(s) Definition
[57] 1985 Jones, T. C.; Riley, D. W. SCM techniques deal with the planning and control of totalmaterials flow from supplies to end users.
[58] 1988 Houlihan, J. B.
SCM differs from classical materials and manufacturing control in 4
ways: (1) The SC is seen as a single process. (2) SCM requires
strategic decision making due to its impact on overall costs and
market share. (3) SCM requires that inventories be viewed as a
balancing mechanism of last resort. (4) A new integrating approach
to systems is needed.
[59] 1989 Stevens, G. C.
The objective of managing the SC is to synchronize
the requirements of the customer with the flow of materials from
suppliers, in order to effect a balance between, what are often seen
as conflicting goals of high customer service, low inventory
management, and low unit cost.
[60] 1993 Cooper, M. C.; Ellram, L. M. An integrating philosophy to manage the total flow of adistribution channel from supplier to ultimate customer.
[34] 1994 La Londe, B.; Masters, J. ( . . . ) the strategy of applying integrated logistics management toall the elements of a SC.
[61] 1997 Giunipero, L. C.; Monczka, R. M. SCM as the process based on external customer and implications onproduction to add value in a horizontal way.
[62] 1998 Lambert, D. M.; Cooper, M. C.;Pagh, J. D.
SCM is the integration of key business processes from end user
through original suppliers that provides products, services and
information that add value for customers and other stakeholders.
[63] 1998 Trent, R. J.; Monczka, R. M.
Supply management practices directly affect four components of
material ordering cycle time: (1) transmission of requirements to
suppliers, (2) the suppliers’ ordering and manufacturing cycle time,
(3) delivery from suppliers, and (4) incoming receiving
and inspection.
[64] 1998 Monczka, R. M.; Petersen, K. J.;Handfield, R. B.; Ragatz, G. L.
The primary objective of SCM to integrate and manage
the sourcing, flow, and control of materials using a total systems
perspective across multiple functions and multiple tiers
of suppliers.
Sustainability 2021, 13, 331 5 of 18
Table 1. Cont.
[Reference] Year Author(s) Definition
[3] 2007 Srivastava, S. K.
GSCM is defined as ‘integrating environmental thinking into
supply-chain management, including product design, material
sourcing and selection, manufacturing processes, delivery of the
final product to the consumers as well as end-of-life management
of the product after its useful life.
[65] 2010
Council of Supply Chain
Management Professionals
(CSCMP)
SCM encompasses the planning and management of all activities
involved in sourcing and procurement, conversion, and all logistics
management activities [ . . . ] it also includes coordination and
collaboration with channel partners [ . . . ]. It includes all activities
noted above, as well as manufacturing operations, and it drives
coordination of processes and activities with and across marketing,
sales, product design, finance, and information technology.
[66] 2010 Free Logistics. The free SupplyChain portal
Physical and information flows management mode aiming at
optimizing the ordering, the manufacturing, and the delivery
processes. From the supplier to the final customer.
[67] 2018 De Angelis, R., Howard, M.;Miemczyk, J.
The SCM principle of controlling an end-to-end process to create a
seamless flow of goods must be questioned, where assumptions
over long-term stability no longer hold true.
[68] 2020 Gölgeci, I.; Kuivalainen, O.
Supply chains and firms operating have witnessed unprecedented
levels of turbulence such as natural disasters, political upheavals,
and cyber-attacks and market dynamism such as high demand
variability and shortening product lifecycles in recent years.
Source: Own elaboration.
According to [38] “successful SCM requires cross-functional integration and marketing
must play a critical role. The challenge is to determine how to successfully accomplish this
integration”. To implement SCM, it is necessary to define its key members, the processes
that are going to be linked with each member, and the level/type of integration [28].
Modern SCM has also become more and more complex by the necessity to include RL
operations and new related trends.
In this line, in the most recent literature on GSCM, the number of works that have struc-
tured the different concepts, that relate SCM with sustainability, is growing [24,25,27,69].
In fact, as these authors point out, the most recent trends place these works in the field
of circular economy [70–72]. In addition, these works have managed to locate each of
these concepts and establish clear definitions that explain the narrative of these works and
the predominant considerations, to differentiate these related concepts. Table 2 synthesizes
the main recent approaches in the definition of the related concepts to GSCM.
Table 2. New related concepts to GSCM.
[Reference] Year Author(s) Concept Definition
[24] 2018 Batista, L.; Bourlakis,M.; Smart, P.; Maull, R.
Sustainable Supply Chain
Management (SSCM)
It engages broader corporate governance and
management of social responsibility issues for
supply chain operations.
[29] 2013 Ahi, P.; Searcy, C. Sustainable Supply ChainManagement (SSCM)
Creation of coordinated supply chains through
the voluntary integration of economic,
environmental, and social considerations with
key inter-organizational business systems
designed to efficiently and effectively manage
the material, information, and capital flows
associated with the procurement, production, and
distribution of products or services in order to
meet stakeholder requirements and improve
the profitability, competitiveness, and resilience
of the organization over the short- and long-term.
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Table 2. Cont.
[Reference] Year Author(s) Concept Definition
[24] 2018 Batista, L.; Bourlakis,M.; Smart, P.; Maull, R.
Closed-Loop
Supply Chains
Ideas that simultaneously consider forward and
reverse supply chain operations.
[73] 2009 Guide Jr, V. D. R.;VanWassenhove, L. N.
Closed-Loop
Supply Chains
Design, control, and operation of a system to
maximize value creation over the entire life cycle
of a product with dynamic recovery of value
from different types and volumes of returns over
time. Expanding on reverse logistics, include
remanufacturing, reuse, repair, refurbishment,
and recycling.







GSCM is characterized by greenness in product
design, selection and purchase of raw materials,
production, distribution of final products,
and after sale services.
Source: Own Elaboration.
4. Reverse Logistics: Literature Review
4.1. RL Concept and Characteristics
RL program “has gained increasing importance as a profitable and sustainable busi-
ness strategy” [76]. According to [77], the conception of this term came about a long
time ago. It is defined as a process in which the manufacturer accepts used products
from consumers to recycle or remanufacture them [5,73,76]. Fortunately, the literature has
pointed out a wide range of definitions of this concept (see Table 2), which also permits us
to appreciate its main characteristics.
• This involves planning, implementing, and controlling.
In any process, to achieve desired results and efficiency, it is necessary to take in
account these three phases. Previous knowledge is necessary before implementing RL:
the resources (financial, material, human, time, and information) and the potential difficul-
ties that could appear in the implementation process. The planning of RL processes requires
identifications of each part that affect the process as well as their responsibilities and how
collaboration is going to be implemented. Controlling is another essential phase, which has
faced a large experimental evolution, and nowadays, controlling is understood as not only
“the final step” but also the control during the process that contributes to reducing errors,
economic wastes and increasing satisfaction (internal and external stakeholders involved).
• RL is focused on what happens with products after use.
The inputs for RL can be products as wells as parts of them, non-used products with
some defect, expired date product or information.
• It is a reverse flow.
RL processes usually operate from the consumers (sometimes including the last user
but not the final user; for example, the reason of recovery could be pas the expiry date.
In this case, the product will be retired not from the final consumer but from the vendor)
to the manufacturer.
• Recapturing value and respecting the environment are some of the aims of RL.
Table 3 lists the main meanings of the term, which over time present important changes.
Sustainability 2021, 13, 331 7 of 18
Table 3. RL definition review.
[Reference] Year Author(s) Definition
[19] 1981 Lambert, D. M.; Stock, J. R. Going the wrong way on a one-way street because the greatmajority of product shipments flow in one direction.
[78] 1991 Murphy, P. R.; Poist, R. F. Movement of goods from a consumer towards a producer in achannel of distribution.
[20] 1992 Stock, J. R.; Douglas, M. L.
(...) The term often used to refer to the role of logistics in
recycling, waste disposal, and management of hazardous
materials; a broader perspective includes all relating to logistics
activities carried out in source reduction, recycling, substitution,
reuse of materials and disposal.
[21] 1993 Christopher, M.
RL is a broad term referring to the logistics management and
disposing of hazardous or non-hazardous waste from
packaging and products. It includes reverse distribution. ( . . . )
which causes goods and information to flow in the opposite
direction of normal logistics activities.
[22] 1998
Dekker, R.; Bloemhof-Ruwaard, J.;
Fleischmann, M.; Nunen, J. V.; Laan,
E. V. D.; Van Wassenhove, L. N.
The role of logistics in product returns, source reduction,
recycling, materials substitution, reuse of materials, waste
disposal and refurbishing, repair, and remanufacturing.
[5] 1998 Govindan, K.; Bouzon, M.
The process whereby companies can become more
environmentally efficient through recycling, reusing,
and reducing the number of materials used.
[76] 2000 Dowlatshahi, S.
RL is a process in which a manufacturer systematically accepts
previously shipped products or parts from the point for
consumption for possible recycling, remanufacturing,
or disposal.
[9] 2001 Rogers, D.; Tibben-Lembke, R.
The process of planning, implementing and controlling the
efficient, cost-effective flow of raw materials, in-process
inventory, finished goods and related information from the
point of consumption to the point of origin for the purpose of
recapturing or creating value, or for proper disposal.
[56] 2003 Dobos, I.
The process of planning, implementing, and controlling flows
of raw materials, in process inventory, and finished goods, from
a manufacturing, distribution or use point, to a point of
recovery or point of proper disposal.
[11] 2008 Srivastava, S.
The process of planning, implementing, and controlling the
efficient, effective inbound flow, inspection and disposition of
returned products and related information for the purpose of
recovering value.
[65] 2010 Council of Supply ChainManagement Professionals
A specialized segment of logistics focusing on the movement
and management of products and resources after the sale and
after delivery to the customer. Includes product returns for
repair and/or credit.
[30] 2013 Bai, C.; Sarkis, J.
RL (or the reverse SC) features greater relative uncertainty
when compared to forward logistics and supply chain flows.
An effective way to manage uncertainty and variance in
operational and organizational systems is by introducing
greater flexibility.
[79] 2018 Zarbakhshnia, N.; Soleimani, H.;Ghaderi, H.
RL is the backward process of collecting and redistributing
products at the end-of-life from customers to producers and
manufacturers for reuse, remanufacturing, and disposal
purposes. While RL brings several economic benefits, it seems
to become a necessity for businesses to remain competitive in a
world that environmental and social aspects of business
activities are key to sustainable development.
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Table 3. Cont.
[Reference] Year Author(s) Definition
[24] 2020 Batista, L.; Bourlakis, M.; Smart, P.;Maull, R.
RL as . . . “other alternatives to disposal processes such as reuse,
repairing, reconditioning and remanufacturing”.
[27] 2020
González-Sánchez, R.;
Settembre-Blundo, D.; Ferrari, A. M.;
García-Muiña, F. E.
RL as “a reverse supply chain includes activities dealing with
product design, operations, and end-of-life management in
order to maximize value creation over the entire lifecycle
through value recovery of after-use products either by
the original product manufacturer or by a third party”.
Source: Own elaboration.
Despite the similarity in the definitions, the evolution of the concept is important,
but one very relevant evolution is the necessity of incorporating information in RL processes
as well as the critical importance of incorporating environmental elements into the RL
process [9].
The literature also distinguishes between the RL of products and RL of packaging [9].
In this line, we can understand RL flow as “Reusable packages return to the serviceable
inventory in new products”; “Products after remanufacturing return to the serviceable
inventory in “as good as new” products”; “Products after repair return to the service-
able inventory in new products” and/or “Recycled products provide raw materials to
the inventory in materials” [80].
There are several reasons for a product to go in the reverse way: remanufacturing,
refurbishing or because the customer returned it, whereas packaging RL derives from
the possibility to reuse it. In 2001, the classification of the reasons for return was pro-
vided [9]. This classification incorporated the importance of distinguishing about the input
of RL (the product or the package) and the start point of the process (the consumer or
other stakeholder of SCM) [9]. Thus, consumers usually return a product because it is
defective, or they do not want it anymore, because they still have the possibility to use
the warranty period of the product due to recalls or for environmental reasons. On the other
side, motives for partners of the SCM could be stock control, marketing returns or end
of life/season of the product. As said before, both end-user and a partner could return
packaging and, generally, the cause is the possibility to reuse them or disposal one.
Furthermore, [76] and other recent works [27] identify costs, overall quality, customer
service, and environmental and legislative concerns as strategic factors in the RL system.
In addition, they pointed out operational factors of this kind of system. Cost-benefit anal-
ysis, transportation, warehousing, supply management, remanufacturing and recycling,
and packaging are also factors that have different weights in each organization.
4.2. Reasons and Differences between RL and Forward One
Adding “green” to SCM is a consequence of several factors. Literature talks about
socio-political changes [55]. Nowadays, the growing importance of reducing the impact on
the environment has increased the attention to RL.
Nowadays, firms, consumers and other stakeholders, such as governments, NGOs or
communities, pay much more attention to production processes, and environment is also
becoming in a source of potential competitive advantage.
In this line, the authors in [81] analyse the institutional theory and argue that environ-
mental orientation can be predisposed by three pressures: normative, coercive, and mimetic.
The first one is referred to organization’s stakeholders. Company’s image and social re-
sponsibility have a huge importance and, for example, for Japanese manufacturers, they are
essential [21]. Coercive pressures basically consist of regulations. Although Europe has
been the first in configuring environmental legislation, nowadays it is a worldwide aware-
ness [82]. The last, mimetic pressures, are concerned with the influence of competitors since
a successful result of their policies can be a motive for other firms to follow their steps.
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Otherwise, the profitability of green policies saying that they can reduce costs and
provide advantages for the company in terms of proactivity: “green firms can shape future
regulations and reap first-mover advantages” [83]. The possibility of cost savings as other
possible result of environment friendly policies [84]. New opportunities for competition
and new ways to add value to core business programs may be originated [55]. Thereby,
increase in competition between companies and in the ability of successful competency is
another result of implementing environment policies. Environment is, at the same time,
an opportunity but also a threat, and the company competitive position depends on its
capacity to face up to environmental challenges [43]. It is interesting see “sustainable
chain management as a catalyst of generating valuable inter-organizational resources
and thus possible sustained inter-firm competitive advantage through collaboration on
environmental and social issues” [85].
The positive relationship between environmental and business performance is con-
firmed in many empirical studies. Otherwise, the environmental management system in a
company can also have positive results on operational performance [55,86].
Forces analysed earlier also affect the implementation of RL in particular: customer,
suppliers, competitors, and government agencies are direct pressures. We could also
mention the issue of resource scarcity. Resource reduction should be the goal for RL.
A convenient RL framework would give a major opportunity for recycling and, as a
consequence, for using fewer virgin materials. Because of resource reduction, both forward
and reverse flows of materials are minimized [5].
On the other hand, as well as all advantages of GSCM, the literature also recognizes
positives results on the environment and the economic performance of RL processes. RL
programs can cause significant savings [87], taking into account the environmental and
cost benefits [5]. The other potential advantage is the risk reduction in the potential impact
of governments on those firms that are proactive with environmental performance by RL.
Furthermore, it is also argued that implementing RL programs can lead to better corporate
image [5].
Besides, we are yet to mention cost savings. The author of [11] considers that “a well-
managed RL network can also help in customer retention”, while increasing customer
loyalty due to activities valued positively by customers, e.g., by repair services. Due to
its major complexity in comparison with forward logistics, the reverse one could present
a serious advantage not easily replicable by rival companies [7]. Then again, firms can
obtain, from used products cheap, resources to carry out their production processes [82].
On the other hand, differences between two types of flow, forward and reverse, are not few.
We can mention the major complexity of RL and the SCM they support in comparison with
traditional manufacturing SCM [7].
“Higher system complexity” in RL processes is also mentioned by [88]. In their
opinion, it is due to an increased goods flow and many interactions between them, be-
sides the uncertainty that characterizes RL. What is more, they find plenty of differences
between RL and forward flow as well. Environmentally drivers, besides cost and ser-
vices, are pointed out and thought to be difficult in respect to the objective function [88].
A mismatch between supply and demand in RL is identified. Numerous suppliers and
few customers seem to distinguish forward flow from RL too, since these raw materials
(used goods) could come from many sources at low cost, or even for free. Finally, they
consider unexplored market opportunities as another aspect that differences reverse from
forward logistics.
There is a difference in the data-collection needs of RL and those of a forward distri-
bution operation, which are identified too [89]. On the other hand, RL is considered as
“much more reactive, with much less visibility” [90]. Furthermore, it is important to notice
the studies of some researchers to find some synergies between forward flow and RL. It is
a very relevant issue because it could be another motive for practitioners to implement
and develop the RL process. The literature analyses the possibility of sharing equipment,
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facilities and personnel between forward flow and RL [91,92]. The results could be reduced
costs and improved service levels.
4.3. What Is Returned, Which Activities Are Realized and What Technology Could Be Used?
The literature has also analysed which products are appropriate to take part in RL.
Composition, deterioration, and use-pattern are some characteristics highlighted [93–96].
Hence, the authors in [93] talk about design for recycling (DFR) characteristics and suggest
better choices for material selection, such that the processes of material separation and
material recovery become more efficient.
These authors explain that the type of material of the product is not only important,
but so are the number of composing parts and the way of putting them together. Thereby,
making the product of homogeneous material or a smaller number of different materials
and incorporating fewer parts in it facilitate the recovery and separation activities of the RL
process. On the other hand, hazardous materials hinder those actions, since more attention
and the taking of special measures will be required. The size of the product is another
element to take into account. The authors in [97] analysed the volume relating to the phys-
ical size of the products for collection, as a dimension of collection-structure complexity.
Geographical spread (dispersion of the products to be collected), number of sources of used
products, quantity of products to be collected, and uncertainty associated with the timing
and frequency of the required collection activity, are other analysed dimensions.
Deterioration is another relevant characteristic because the degree of product dete-
rioration affects the choice of actions to be able to reuse it. In these terms, the literature
examines three aspects: intrinsic deterioration, economic deterioration, and homogeneity
of deterioration [77]. The first one refers to the proportion of the degree of ageing of
the product with its use. For example, there are products that are consumed completely,
whereas there are other ones that are not. Economic deterioration refers to the speed of
losing value due to obsolescence. Finally, it is possible that some parts of a product do not
age with the same intensity, giving the possibility to reuse them. This is what the literature
named the homogeneity of deterioration [77].
Another issue to take in account is the use pattern. It is necessary to consider the lo-
cation, intensity, and duration of use. Firstly, it is important to know if the consumer is
an individual person or if it is an institution because it affects to the process of collection.
Otherwise, collection difficulties could be greater if there is large distance between different
product consumers and it affects the necessity of increasing the number of collection centres,
resources and maybe consumer efforts. In reference to the intensity of use, as well as time
we should consider the degree of consumption too.
In another way, the author of [11] offers a scheme of RL activities. Collection, inspec-
tion/sorting, preprocessing and logistics and distribution network design are identified by
the literature as key functional aspects and essential activities in recovery networks [11,98].
It is necessary to collect used products. Hence, collection consists of all activities which
pursues to reclaim used goods or parts of them and transport them to a facility where they
will be examined [99]. This step is essential, and it may be the most difficult: it constitutes
a significant part of the cost of closed-loop SC [82]. How can we recover used products or
its parts? Is the firm responsible for RL and must oversee this process? Is it the consumer
who should carry it out? How can we motivate individuals to take part in this process?
These are some questions which must be resolved in the planning phase.
The authors in [100] analyse three decentralized models of collecting used products:
the manufacturer is in charge of recovering used products (Model M-Manufacturer Collect-
ing); the retailer takes part in the used product recollection (Model R-Retailer Collecting);
a third party is contracted by the manufacturer just for collecting used products (Model 3P).
In model R, to stimulate a retailer to collect used products, the manufacturer offers him
a price per product returned. The research made the conclusion that Model R is the most
effective for the manufacturer, since to recollect used products, the one who is nearest to
the consumer is the best option.
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The author in [11] analyses the possibility of the existence a of collection centre:
“a facility where customers bring their products for resolution”. A pay-back price offered
to the consumer and a nearby location are important factors to stimulate the consumer to
collaborate [82].
Another main role is also the consumer’s environmental awareness and knowledge
of the importance of his/her cooperation. There are different behaviours of the end-
users, depending on the demographic location. It causes differences in the number of
returned products [101]. Thereby, environmental education at an early age of the individual
could give positive results. The implication of families, colleges, governments, and other
institutions is core to create a more conscious society.
To save costs, the authors in [82] comment on the possibility to install drop-points
where the consumer can leave used products. This reduces the costs of transportation, but it
is necessary to stock used products. Another possibility to reduce costs is the use of syner-
gies between the distribution of new goods and the collection of used product processes.
The inspection and classification of returned products are other essential activities
in the process of RL. In these processes, the quality of products is a key characteristic.
Employees have to own the necessary knowledge on how to manipulate returns, not only
to sort them, depending on their condition and way of reusing them, but also to protect
themselves, their colleagues and the setting from any negative characteristics. Disassem-
bly, shredding, testing, sorting, and storage are steps that the inspection and separation
processes should include [84].
The separation made by the consumer or centralized separation of used products
determines the different collection schemes [3,102]. The authors in [82] consider that involv-
ing the consumer in the collection process could help to the process. Individual collection
reduces complexity and reduces transportation costs. Therefore, these authors point out
the importance for minimising costs of trade-off between the convenient separation of
reusable and nonreusable parts, and the costs of transportation.
Transformation of used products into other ones is the result of the RL process and
the effective sorting of used products preprocessing (reprocessing) helps the transformation
processes. Used products will be sent to “rework centres: A facility where returned
products are refurbished/remanufactured” [11]. Hence, the “second life” of used products
could be achieved because of recycling, repair, or remanufacturing [98]. The said processes,
repair, refurbish and remanufacturing, and the technology and skills determine two types
of rework centres: repair and refurbishing centres and remanufacturing centres [11].
Activities, such as cleaning, replacement and reassembly, may take part in the repro-
cessing [98]. Otherwise, inspection and sorting steps may occur as a result of a product
that cannot be reused, so it is necessary to proceed to its disposal, not only for technical
but also for economic reasons, e.g., if the employee decides that the transformation of
the used product would be very expensive, or that the final product would not have utility
and market potential. Transportation, landfilling, and incineration are some activities,
which may be needed in this phase [98]. GSCM have focused on minimizing disposal [3].
The market is the destination of the result of the reprocessing processes. Used products
without any transformation could be placed on the second market, but also reprocessed
products resulting from repair and refurbishing centres or remanufacturing centres. These
rework sites could also place their products on the primary market [11]. Nevertheless,
redistribution activity will always be necessary to direct reusable products to the potential
market and to transport them. Hence, sales, transportation and storage activities could
take place in this process [87]. The network needed in this stage resembles the forward
one [82].
In recent years, there has been a huge awareness not only of environment pollution,
but also about how to combine its preservation and firms’ profits. Hence, technology has
developed a lot to find ways of improving processes along the SCM. One of the creations
and an actual trend is the RFID [103]. “Radio frequency identification is a powerful emerg-
ing technology that enables companies to achieve total business visibility. By knowing
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the identity, location and conditions of assets, tools, inventory, people and more, compa-
nies can optimize business processes and reduce operational costs” [104]. It provides an
individual identification through an individual number ID (ID number) [105].
The possible benefits for SC could be related to the speed, accuracy, efficiency, and se-
curity of information. The update of SC data is effectively allowed [106]. Reception and
exchange of information in real time is possible, and so the improvement of SC adminis-
tration could be achieved [107]. Otherwise, RFID technology contributes to reducing or
eliminating human errors, product accounting and inventory realization [108]. RFID con-
tributes to information barriers that appear when companies collaborate in SCM [99,106]
and the implementation of this technology has basically increased by the reduction in
costs [109].
RFID technology consists of the use of radio waves to identify objects automati-
cally [103,104]. An RFID system entails a tag, which consists of a small silicon microchip
attached to an antenna (RSA Laboratories) [110]. The microchip can be read-only or read–
write, and contains information of a product, and the antenna conducts waves to the an-
tenna of the reader so, in this way, it enables one to transmit information to the reader [111],
that then transmits the information on a middleware [108]. Finally, the information is
processed in an administration system and can be used in different processes.
The tag can be active or passive depending on if it has a battery to power the microchip
circuitry and broadcast signals to the reader (active tag) or if it is the reader, which sends out
electromagnetic waves to induce a current in the tag antenna (passive tag). A semipassive
tag uses batteries and waves sent out by the reader [111]. In comparison with barcodes,
RFID tags are reusable, so companies can recover its costs throughout a long period of
time [106]. Another advantage of RFID technology consists of the ease of programming
and speed of use, since it is possible to read multiple tags simultaneously. Additionally,
an RFID tag can include much more information than barcode and it can be used in a harsh
environment where bar codes and light-emitting devices could have issues working [109].
Additionally, finally, RFID technology does not need line-of-sight scanning as bar codes
do [112]. Reader power and frequency used to communicate are factors that influence
the “read range” of the tag [111].
RFID was implemented in several industries, such as pharmaceutical, automotive,
cosmetics and other industries [103,113]. Moreover, it has huge applications in packaging
treatments and traceability, as well as in the payment system [114]. Nevertheless, besides all
advantages of RFID technology, it is necessary to also notice some of the problems and
disadvantages it has.
In this sense, the authors in [112] identify a lack of coding standard, which hinders
its international use from one country to another. There are not enough RFID standards,
although some additional activities need to be adopted to obtain national and international
synergies and achieve better collaboration. It is confirmed that there is the existence of
a “big number of standards” and the need of acceleration in the “harmonization process
within Europe” [115].
In addition, RFID is a costlier technology than bar codes, because tags and readers
are more expensive than bar codes and bar-code scanners. In another way, the adaptation
of information SC systems is required, as well as infrastructure development, in order
to process the major flow of information. Another difficulty could come from the need
of agreements between all members of one SCM. The risk of hacker sabotage, which can
lead to stolen information and even falsified data is analysed. Therefore, protecting
mechanisms are required to avoid it. The negative effect of environment conditions
that can hinder the transmission of information is also possible. Other risks, such as
readers or tag collision, incompatibility between RFID technology and the one existing
in the company, lack of employee preparation and consequently errors, are denoted in
the literature. “Electromagnetic Shielding” is another problem to solve, since it produces
reading difficulties when a conductive material gets in the way between a tag and a
reader [114].
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4.4. Disadvantages and Problems
One of the main barriers for implementing RL is the need for additional resources, not
only financial resources, but also an extra effort on planning and collaboration. “Paperwork
and poor workflow processes tend to plague RL operations” [116]. Furthermore, convenient
personnel training and motivation are essential. A cooperation between two markets,
a “disposer” one and “reused market”, is the key to carrying out the recovery processes [82],
a fact that may originate in another boundary for RL implementation.
Furthermore, the authors in [9] identified some boundaries for executing RL in differ-
ent sectors. The more representative barriers were the importance of RL relative to other
issues, company policies, lack of systems, competitive issues, management inattention,
personnel resources, financial resources and legal issues.
Another issue is the value of information. SCM suffers from an important lack of
information, which increases the uncertainly of decisions. Srivastava explained the po-
tential benefits of systems information to SCM and RL [11]. The lack of information is
observed in “timing, quality, quantity and variety of returns; estimation of operation and
cost related parameters for RL networks”, which constitutes some of the risks related
to product recover [11]. Supply uncertainty in recovery networks, in terms of quality
and availability, originates in the importance of separation and inspection processes [82].
The implementation of RFID systems improves these problems of uncertainty and lack
of information.
In another way, [99] pointed out some of the most frequent mistakes of firms—RL
design. The authors considered that product design must be taken in account from the be-
ginning. This idea is also defended by Srivastava, who includes green design in the concept
of GSCM and considers that it should take in account the whole life-cycle cost of the prod-
uct [3]. Focusing on “out-of pocket costs only” and “negligence of sustainability as an
optimization issue” are other frequent mistakes [81].
According to the authors in [117], some symptoms show that returns have become
a problem. When returns arrive faster than processing or disposal, difficulties appear.
The existence of a large returns inventory in the warehouse, as well unidentified or unau-
thorized returns, are other indicators that something is going wrong. Moreover, lengthy
cycle processing times, unknown total cost of the returns process and loss of customers’
confidence in the repair activity are pointed out too.
5. Conclusions
The first conclusion of this paper is to emphasize the great evolution that literature
focused on GSCM and RL has experimented with in the last 30 years [25]. The initial
concept of supply chain management has also been connected with sustainability, and in
this process, several related concepts have contributed to structure different contributions
that have been published. Nowadays, these concepts, such as reverse logistic, green supply
chain management, circular supply chain, are converging on Circular Economy [19].
As society changes, and new values and awareness appear, management concepts
adapt and develop. Several factors, such as the increasing environmental awareness,
the preferences of the society, as well as the legal framework, have created the necessity
of introducing more environmental business practices. In this respect, GSCM and RL
have experienced an obvious increase in importance and attention. Unfortunately, due to
the major complexity of the reverse flow, companies are exposed to many boundaries.
The necessity of stable networks and relationships between SC members is becoming more
and more obvious. What is more, the final consumer has become a key part of the SC,
due to its essential role in the RL process.
One important issue is the difference between forward and reverse flows. The major
complexity of the latter creates the necessity for strong collaboration and relationships
between the participants in this process. It is necessary to develop relations between for-
ward and reverse flows to achieve more synergies and facilitate processes. By now, sharing
equipment, facilities, and personnel are one of the most frequent synergies, but companies
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are willing to find other ones. Hence, both researchers and firms may work hard on this
challenge.
The RL process offers the possibility to improve environmental policies of the com-
pany in different ways, since it is not applicable only on products but on packaging too.
Furthermore, these practices could be used for a wide range of products, beginning with
short-life goods, such as the alimentary ones, for example, and finishing with long-life
products from the automotive, and electrical industry, etc. RL is not only necessary to
achieve more environmentally friendly SC, but it is also applicable in stock control man-
agement. Otherwise, it is convenient to mention the relevance of technology since, as in
many other fields, technology development offers the opportunity to improve processes
while achieving better results in the short term. For example, researchers and managers
welcome the possibility of stronger control offered by RFID technology.
Regarding the weaknesses of the present study, we could say that the most important
issue is the lack of empirical study that nowadays continues to be necessary. On the other
hand, a deeper review of empirical works would be useful to complement the analysis of
the research papers.
Despite the important evolution of RL, deeper consideration is needed from both
researchers and managers. In reference to the first, and to offer some ideas for future
research, a wider range of empirical studies that could include a considerable number of
companies from different countries is required. This would enable general conclusions
about the reality of business practices. Furthermore, a detailed analysis of the RL process,
in all business sectors, is required to discover the characteristics and necessities in order to
create the opportunity to improve activities and efficiency.
Despite of the evolution of RL, many firms still do not appreciate its relevance, but a
change in mentality is in progress. Perhaps deeper contact between companies and re-
searchers could be useful to achieve this kind of management transformation.
Finally, it is necessary to implement the concepts identified in the literature, as some
recent works claim [37], as well as putting them into practice in order to improve the circular
economy (GSCH and RL mainly in this paper). We think that papers similar to this one
should be developed in the future. The contributions of these types of papers are not
only based on the identification of some new aspects that appear, but also by highlighting
the growing contribution of related literature. In our opinion, these type of works are
necessary in order to emphasize the extensive work done by others researchers in order to
consolidate Circular Economy Theory and, therefore, for overcoming new challenges in
productive activities focused on sustainability.
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